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(57) ABSTRACT

A vehicle may include a flutter resistant caster. The vehicle
may include a frame, a drive wheel coupled to the frame, a
caster housing coupled to the frame, a caster, a locking
clement, a first bearing, and a biasing element. The caster
housing may include an opening. The caster may include a
caster wheel and a caster stem extending through the open-
ing 1n the caster housing. The caster stem may be configured
to rotate relative to the caster housing. The locking element
may be coupled to the caster stem. The first bearing may be
coupled to the caster stem. The biasing element may be
coupled to the caster stem. The biasing element may be
configured to exert a force on the first bearing.
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1
FLUTTER RESISTANT CASTER

BACKGROUND OF THE INVENTION

The present mvention generally relates to a caster and,
more particularly, to a flutter resistant caster for a vehicle.

BRIEF SUMMARY OF THE INVENTION

A vehicle may include a flutter resistant caster. The
vehicle may include a frame, a drive wheel coupled to the
frame, a caster housing coupled to the frame, a caster, a
locking element, a first bearing, and a biasing element. The
caster housing may include an opening. The caster may
include a caster wheel and a caster stem extending through
the opening 1n the caster housing. The caster stem may be
configured to rotate relative to the caster housing. The
locking element may be coupled to the caster stem. The first
bearing may be coupled to the caster stem. The biasing
clement may be coupled to the caster stem.

The biasing element may be positioned between the
locking element and the caster housing. The biasing element
may be configured to exert a force on the first bearing. The
caster stem may include a flange and the biasing element
may be positioned between the first bearing and the flange.
The biasing element may be positioned between the first
bearing and the housing. The biasing element may be one of
a plurality of biasing elements.

The biasing element may include one or more coned disc
springs. The one or more coned disc springs may include a
first coned disc spring and a second coned disc spring. An
outer portion of the first coned disc spring may engage an
outer portion of the second coned disc spring. An inner
portion of the first coned disc spring may engage an inner
portion of the second coned disc spring.

The first bearing may include a first race, a second race,
and a bearing element between the first race and the second
race. At least two of the first race, the second race, and the
bearing element may rotate as the caster stem rotates relative
to the caster housing. At least one of the first race, the second
race, and the bearing element may be rotationally fixed as
the caster stem rotates relative to the caster housing. The first
bearing may include a thrust bearing. The first bearing may
be axially moveable relative to the caster stem.

The caster housing may define a chamber and the locking
clement and biasing element may be within the chamber.
The first bearing may be within the chamber. The caster stem
may extend through the opening into the chamber.

In a further embodiment, the vehicle may include a
second bearing coupled to the caster stem. The caster
housing may include a recess to recerve at least a portion of
the second bearing and activation of the locking element
may move the second bearing into contact with a partition
wall defining a portion of the recess. Activation of the
locking element may move the second bearing into contact
with the partittion wall and apply a force to the second
bearing to inhibit rotation of the second bearing. The first
bearing may be positioned on a first side of the opening in
the caster housing and the second bearing may be positioned
on a second side of the opening in the caster housing
opposite the first side.

In a further embodiment, the vehicle may include a gasket
between the second bearing and the caster housing. The
second bearing may include a tapered roller bearing. The
locking element may prevent movement of the caster stem
along a longitudinal axis of the caster stem but allow rotation
of the caster stem about the longitudinal axis. The locking
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clement may threadedly engage the caster stem. The locking
clement may be at least temporarily rotationally fixed rela-
tive to the caster stem. The locking element may be transi-
tionable from an unlocked condition to a locked condition,
wherein the locking element 1s rotatable relative to the caster
stem 1n the unlocked condition and is rotationally fixed
relative to the caster stem in the locked condition. The
locking element may be transitioned from the unlocked
condition to the locked condition by applying a torque force
of about 1 foot pound to about 100 foot pounds.

In a further embodiment, the vehicle includes a motor
coupled to the drive wheel, the motor configured to rotate
the drive wheel. In a further embodiment, the vehicle may
include a bushing coupled to the caster stem, the bushing
extending at least partially into the opening. The vehicle
may include a wheelchair. The vehicle may include a single
engagement surface between a surface of the first bearing
and the caster stem. The first bearing may include a radially
disposed bearing element.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of embodiments of the flutter resistant caster,
will be better understood when read 1n conjunction with the
appended drawings of an exemplary embodiment. It should
be understood, however, that the invention 1s not limited to
the precise arrangements and instrumentalities shown. For
example, although not expressly stated herein, features of
one or more various disclosed embodiments may be incor-
porated into other of the disclosed embodiments.

In the drawings:

FIG. 1 1s a perspective view of a vehicle including a caster
assembly 1n accordance with an exemplary embodiment of
the present invention;

FIG. 2 1s a top, 1solated view of the caster assembly of
FIG. 1;

FIG. 3 1s an enlarged perspective sectional view of the
caster assembly of FIG. 1 taken along a plane, the location
and direction being indicated by line A-A in FIG. 2;

FIG. 4 1s an enlarged side elevational sectional view of the
caster assembly of FIG. 1 taken along a plane, the location
and direction being indicated by line A-A 1 FIG. 2;

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS OF THE
INVENTION

Most vehicles are moveable 1n a selected direction. Users
prefer vehicles that travel in a desired direction without
veering ofl an mtended course. Some vehicles include a
drive wheel and a free or follower wheel. The drive wheel
may be rotated manually or by a motor to move the vehicle.
The follower wheel may provide the vehicle with stability
and follow the course set by the drive wheel. Some follower
wheels are casters that rotate about a wheel axis and about
a caster stem axis. Too much rotation of the caster about the
caster stem axis can lead to flutter that slows the vehicle
down or causes the vehicle to veer oif course. There 1s a need
for vehicles having a follower wheel that resists flutter
without inhibiting steering of the vehicle to improve vehicle
performance.

Referring to the drawings in detail, wherein like reference
numerals indicate like elements throughout, there 1s shown




US 11,707,946 B2

3

in FIGS. 1-4 a vehicle, generally designated 20, 1n accor-
dance with an exemplary embodiment of the present inven-
tion.

The vehicle 20 may include a frame 22 or chassis. Other
components of the vehicle 20 may be coupled to the frame
22. For example, a receiving arca 24 for a user may be
coupled to the frame 22. In some embodiments, the receiv-
ing areca 24 includes a seat, a bench for a user to kneel on,
or a surface for a user to sit or lie on. In other embodiments,
the receiving area 24 includes an area to receive objects
other than a user. In some embodiments, vehicle 20 1s a
wheelchair. In other embodiments, vehicle 20 1s a scooter or
cart.

The vehicle 20 may include a drive means to move the
vehicle. In some embodiments, the drive means includes a
drive wheel 26. Drive wheel 26 may be moveably coupled
to frame 22. Drive wheel 26 may be rotatably coupled to
frame 22. Drive wheel 26 may rotate about axis A,. Axis A,
may be perpendicular to frame 22. In some embodiments,
drive wheel 26 1s rotated manually. In other embodiments, a
motor 28 rotates drive wheel 26. Motor 28 may selectively
rotate drive wheel 26 1n a direction (e.g., forward or rear-
ward) to move vehicle 20. Vehicle 20 may include a first
drive wheel and a second drive wheel. A first motor may be
coupled to first drive wheel and a second motor may be
coupled to second drive wheel. First motor and second
motor may be independently controlled from one another.

Vehicle 20 may have a drive system including a controller
that sends a signal to each of first motor and second motor.
The controller may receive a signal from a steering input
(e.g., a steering wheel, joystick, sip-n-puil controller). The
controller may send a signal to one or both of first motor and
second motor in response to receiving the signal from
steering mput. In some embodiments, drive wheel 26 1s a
front drive wheel. In other embodiments, drive wheel 26 1s
a rear drive wheel or mid drive wheel.

It may be desirable for vehicle 20 to include one or more
additional wheels or other elements in contact with the
ground to stabilize vehicle 20. It may be desirable to include
a Tollower or follower wheel that 1s not driven by a motor to
reduce energy consumption and/or reduce complexity of the
drive system. Vehicle may include a caster 30 coupled to
frame 22. Caster 30 may be coupled to frame 22 opposite

drive wheel 26. In some embodiments, caster 30 1s rearward
of drive wheel 26. In other embodiments, caster 30 1s 1n front
of drive wheel 26. In still yet other embodiments, vehicle 20
includes one or more casters 30 but does not include a drive
wheel.

Caster 30 may 1nclude a caster wheel 32. Caster wheel 32
may be rotatable about axis A, (FIG. 2) relative to the frame
22. Axis A, and axis A, may be parallel or lie within parallel
planes when vehicle 20 1s on a generally horizontal surface.
Caster 30 may rotate about axis A, as vehicle moves. Caster
30 may include an axle having a central axis on axis A,. The
axle may be coupled to one or more forks 36. Forks 36 may
be positioned on opposing sides of caster wheel 32.

Casters that spin about a second axis as vehicle turns may
provide a smoother ride and a tighter turning radius com-
pared to casters that only rotate about one axis. Referring to
FIG. 3, caster 30 may rotate or pivot about axis A, as vehicle
turns. Caster 30 may rotate (e.g., independently or simulta-
neously) about axis A, and axis Aj;.

Caster 30 may include a caster housing 34 fixed to frame
22. An upper portion of forks 36 may be adjacent housing
34. In some embodiments, lower surface of housing 34
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engages upper surface of forks 36 to transier at least some
ol the weight of the vehicle through forks 36 and to caster
wheel 32.

Housing 34 may include a first chamber 48 to receive a
portion of caster stem 38 and components associated there-
with, as explained below. Housing 34 may include a second
chamber 350 to receive a portion of caster stem 38 and
associated components. First chamber 48 may have a
smaller diameter than second chamber 50. First chamber 48
may be defined by a sidewall (e.g., a tapered sidewall). An
aperture 52 may extend through the sidewall of the housing
34. Aperture 52 may provide visual access into first chamber
48. A partition wall or shelf 54 may separate first chamber
48 from second chamber 50. Housing 34 may include an
opening 37 extending through shelf 54 such that first cham-
ber 48 1s 1n communication with second chamber 350.

Caster 30 may include a caster stem 38. Caster stem 38
may 1nclude a body 40 having a longitudinal axis coincident
with axis A;. Body 40 may be generally cylindrical. Caster
stem 38 may include a flange 42. Flange 42 may extend
radially outwardly away from body 40. A ridge 44 may
protrude away from a surface (e.g., upper surface) of tlange
42. The space between ridge 44 and caster stem 38 may
define a recerving area for a bearing, as explained 1n greater
detail below. Caster stem 38 may include a neck 46 having
a smaller diameter than body 40. Neck 46 may have a
reduced diameter compared to an adjacent portion of caster
stem 38. Neck 46 may reduce stress concentration within
caster stem 38 at or near ledge 41.

Opening 37 may receive at least a portion of caster stem
38. Caster stem 38 may extend though opening 37 in shelf
54 from first chamber 48 to second chamber 50. Shelf 54
may have a height as measured along the longitudinal axis
of caster stem 38. Height of shelf 34 may be selected to
ensure that caster stem 38 rotates about axis A, relative to
housing 34 with minimal or no wobbling.

A bushing 56 may be positioned between the caster stem
38 and the shelf 54. At least a portion of bushing 56 may be
within opening 37. Bushing 56 may prevent contact between
shelf 54 and caster stem 38 as caster stem 38 rotates relative
to housing 34. Bushing 56 may be manufactured from a
matenal (e.g., nylon, bronze, plastic) that reduces or mini-
mizes Iriction between the caster stem 38 or shelf 54 and
bushing 56 compared to friction between caster stem 38 and
shelfl 54.

Bushing 56 may include a height greater than or equal to
the height of shell 54. In some embodiments, an upper
surface of bushing 56 i1s generally at the same height as
upper surface of body 40 of caster stem 38. In other
embodiments, upper surface of bushing 56 1s below upper
surface of body 40. In some embodiments, bushing 36 1s
rotationally fixed (e.g., via press fit, snap {it, fastener, or
adhesive) relative to shelf 34. In other embodiments, bush-
ing 56 1s rotationally fixed (e.g., via press fit, snap (i,
fastener, or adhesive) relative to caster stem 38. Bushing 56
may nclude a flange 38 extending radially outwardly from
an adjacent portion of bushing 56. Flange 58 may have a
diameter greater than a diameter of opening 37. Flange 58
may prevent bushing 56 from moving through opening 37.
Flange 58 may contact an upper surface of shell 54.

Caster 30 may include a first bearing 60 that allows
rotation of the caster stem 38 relative to housing 34. First
bearing 60 may include a central opening to receive a
portion of caster stem 38. First bearing 60 may resist lateral
and/or axial movement of caster stem 38 (e.g., as caster stem
rotates relative to housing). First bearing 60 may include a
first race 62 (e.g., upper race), a second race 64, (e.g., lower
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race), and a bearing element or roller 66 between the first
race 62 and second race 64. In some embodiments, first
bearing 60 1s a thrust bearing or a needle thrust bearing. In
other embodiments, first bearing 60 1s a race bearing, plain
bearing, rolling bearing, slewing bearing, or angularly dis-
posed bearing. First bearing 60 may be a radially disposed
bearing element. Second race 64 may be positioned adjacent
bushing 56. Second race 64 may contact flange 58 of
bushing 56.

First race 62 and second race 64 may define a receiving
area for roller 66. Roller 66 may be a ball bearing or
cylindrical element that rotates relative to at least one of first
race 62 and second race 64. At least one of first race 62,
second race 64 and roller 66 may rotate relative to the
housing 34 as the caster stem 38 rotates relative to housing
34. At least one of first race 62, second race 64 and roller 66
may be rotationally fixed relative to the housing 34 as the
caster stem 38 rotates relative to housing 34.

A rotational force may be required to rotate the first race
62 relative to the second race 64. The rotational force may
be mfluenced by the friction between the roller 66 and the
first race 62 and second race 64. The distance between the
first race 62 and second race 64 may influence the friction
between the roller 66 and the first race 62 and second race
64. The amount of friction may be inversely proportional to
the distance between first race 62 and second race 64.

The first bearing 60 may be considered to be above the
ledge 41 of the body 40 when the distance between at least
a portion of first bearing 60 and an end (e.g., end opposite
flange 42) of caster stem 38 1s less than the distance between
the ledge 41 of body 40 and the end of caster stem. The first
bearing 60 may be considered to be below the ledge 41 of
the body 40 when the distance between at least a portion of
first bearing 60 and the end (e.g., end opposite tlange 42) of
caster stem 38 1s greater than the distance between the ledge
41 of body 40 and the end of caster stem 38.

Caster 30 may include a second bearing 68 that allows
rotation of the caster stem 38 relative to housing 34. Second
bearing 68 may include a central opening to receive a
portion of caster stem 38. Second bearing 68 may resist
lateral and/or movement of caster stem 38 (e.g., as caster
stem rotates relative to housing). Second bearing 68 may
include a first race 70 (e.g., outer race), a second race 72,
(e.g., mner race), and a bearing element or roller 74 between
the first race 70 and second race 72. In some embodiments,
second bearing 68 1s a tapered roller bearing or a tapered
needle bearing. In other embodiments, second bearing 68 1s
a race bearing, plain bearing, rolling bearing, slewing bear-
ing, or angularly disposed bearing. At least one of first
bearing 60 and second bearing 68 may be shielded or sealed.
Second bearing 68 may have a larger diameter than first
bearing 60.

First race 70 and second race 72 may define a receiving
arca for roller 74. Roller 74 may be a ball bearing or
cylindrical element that rotates relative to at least one of first
race 70 and second race 72. At least one of first race 70,
second race 72 and roller 74 may rotate relative to the
housing 34 as the caster stem 38 rotates relative to housing
34. At least one of first race 70, second race 72 and roller 74
may be rotationally fixed relative to the housing 34 as the
caster stem 38 rotates relative to housing 34.

At least one of first race 70 and second race 72 may be
adjacent a surface (e.g., lower surface) of shelf 54. A gasket
or O-ring may be positioned between second bearing 68 and
shell 54. At least one of first race 70 and second race 72 may
be positioned adjacent or 1n contact with tlange 42 of caster
stem 38. Second bearing 68 may be at least partially
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disposed 1n the space between the ndge 44 and the body 40
of the caster stem 38. Second bearing 68 may be positioned
in second chamber 50. First bearing 60 may be positioned on
a first side of opening 37 and second bearing may be
positioned on a second side of opening 37 opposite the first
side. First bearing 60 and second bearing 68 may be sub-
stantially aligned 1n a plane.

A rotational force may be required to rotate the first race
70 relative to the second race 72. The rotational force may
be mfluenced by the friction between the roller 74 and the
first race 70 and second race 72. The distance between the
first race 70 and second race 72 may influence the friction
between the roller 74 and the first race 70 and second race
72. The amount of friction may be mversely proportional to
the distance between first race 70 and second race 72. The
force required to rotate caster stem 38 relative to housing 34
may be a combination of the force required to rotate first
bearing 60 and second bearing 68.

At least one of first bearing 60 and second bearing 68 may
include a lubricant (e.g., grease or silicone) between {irst
race and second race. Lubricant may aflect the friction
between roller, first race, and second race. First bearing
lubricant may be different from second bearing lubricant.
Lubricant may have a viscosity of about 0.5 ft*/s, about 1
ft*/s, about 5 ft*/s, about 10 ft*/s, about 20 ft*/s, about 30
ft*/s, about 50 ft*/s, about 75 {t*/s, about 100 {t*/s, about 200
ft*/s, about 300 ft*/s, about 400 ft*/s, about 500 ft*/s, about
750 1t*/s, about or about 1,000 ft*/s. Lubricant may be highly
VISCOUS.

A biasing element 78 may engage a surface of first bearing
60 to help provide the desired friction in at least one of first
bearing 60 and second bearing 68. Biasing element 78 may
be configured to exert a force on at least one of first bearing
60 and second bearing 68. Biasing clement 78 may be
manufactured from a resilient material (e.g., rubber). Bias-
ing clement 78 may be a spring or washer (e.g., Belleville
spring washer, lock washer, coil spring, or coned disc
spring). Biasing element 78 may include a first coned disc
spring and a second coned disc spring. An outer portion of
the first coned disc spring may contact an outer portion of
the second coned disc spring. An inner portion of the first
coned disc spring may contact an inner portion of the second
coned disc spring. A first portion (e.g., outer portion) of the
first coned disc spring and second coned disc spring may be
in contact while a second portion (e.g., mnner portion) of the
first coned disc spring and second coned disc spring 1is
spaced from each other. Biasing element 78 may have a
frusto-conical shape.

A ratio of the diameter of biasing element 78 to diameter
ol caster stem 38 may be about 1.1:1 to about 4:1. Biasing

clement 78 may have provide a spring force of about 100
1b/1n to about 500 1b/in, about 500 1b/in to about 1,000 1b/1n,

about 1,000 1b/in to about 2,500 lb/in, about 2,500 lb/in to
about 5,000 Ib/1n, or about 5,000 1b/1n to about 10,000 1b/1n.
Biasing element 78 may apply a spring load of about 50
pounds to about 1,000 pounds. Biasing element 78 may
include a central opening to receive a portion of caster stem
38.

It may be desirable for caster 30 to include a means to
adjust the friction 1n at least one of the first bearing 60 and
second bearing 68. Increasing the friction may provide
greater resistance to rotation of the caster stem 38 relative to
the housing. This increased resistance may help reduce
undesired rotation or flutter of the caster stem 38.

Caster 30 may include a locking element 76 coupled to
caster stem 38. In some embodiments, locking element 76 1s
threadedly engaged with caster stem 38. In other embodi-
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ments, locking element 76 1s engaged with caster stem 38
via press fit, fastener, magnet, or adhesive. Locking element
76 may be a nut that engages threads on the caster stem 38.

In some embodiments, biasing element 78 1s positioned
between locking element 76 and first bearing 60 or housing,
34. In other embodiments, locking eclement 76 directly
contacts first bearing 60. Locking element 76 and biasing
clement 78 may be 1n first chamber 48. Biasing element 78
may be positioned between locking element 76 and first
bearing 60. Biasing element 78 may be positioned between
first bearing 60 and shelf 54 of housing 34. Biasing element
78 may be positioned between shell 54 and second bearing
68. Biasing element 78 may be positioned between second
bearing 68 and flange 42 of caster stem 38. Caster 30 may
include more than one biasing element 78. Caster 30 may
include one, two, three, or four biasing elements.

Adjustment of the locking element 76 relative to caster
stem 38 may reduce the distance between first bearing 60
and second bearing 68. This reduction 1n distance may
increase the force exerted (e.g., by biasing element 78,
locking element 76, housing 34 or bushing 356) on {irst
bearing 60, thereby increasing iriction in the first bearing
and 1ncreasing resistance to rotation by the first bearing 60.
Adjustment of locking element 76 may compress second
bearing 68 between flange 42 and shelf 54. Compressing,
second bearing 68 may increase the force exerted (e.g., by
sheltf 54, flange 42, or biasing element 78) on second bearing
68, thereby increasing iriction in second bearing 68 and
increasing resistance to rotation by second bearing 68.

At least one of first bearing 60 and second bearing 68 may
move (e.g., axially) relative to caster stem 38 as locking
clement 76 1s adjusted. First bearing 60 or second bearing 68
may move, or combine to move, a distance less than or equal
to the distance by which biasing element 78 compresses
when locking element 76 1s adjusted.

Adjusting locking element 76 relative to caster stem 38
may compress biasing element 78. Biasing element 78 may
be selected such that the force exerted by the biasing element
78 on first bearing 60 1s less than the force exerted by
locking element 76 on biasing element 78.

It may be desirable to prevent locking element 76 from
loosening during operation of vehicle 20 or rotation of caster
stem 38. Locking element 76 may be at least temporarily
rotationally fixed relative to caster stem 38 such that locking
clement 76 rotates 1n concert with caster stem 38. Locking
clement 76 may be transitionable from an unlocked condi-
tion to a locked condition. Locking element 76 may be
rotatable relative to the caster stem 38 in the unlocked
condition and rotationally fixed relative to the caster stem 38
in the locked condition. Locking element 76 may reduce or
prevent movement ol caster stem 38 along axis A; while
allowing rotation of caster stem about axis Aj,.

Locking element 76 may be transitioned from the
unlocked condition to the locked condition by rotating
locking element 76 with a locking torque force. The locking
torque force may be about 1 foot pound (“it-1b”), about 2
ft-1b, about 3 ft-1b, about 4 {t-1b, about 3 {t-1b, about 10 ft-1b,
about 15 ft-1b, about 20 ft-1b, about 25 ft-1b, about 30 ft-Ib,
about 35 ft-1b, about 40 ft-1b, about 45 {t-1b, about 50 ft-1b,
about 60 ft-1b, about 70 ft-1b, about 80 ft-1b, about 90 {i-1b,
about 100 ft-1b, about 1 to about 5 1t-1b, about 5 to about 10
tt-1b, about 10 to about 20 ft-1b, about 20 to about 30 1t-1b,
about 30 to about 40 {t-1b, about 40 to about 50 {t-l1b, about
50 to about 100 ft-1b, more than 1 ft-lb, less than 50 {t-1b,
less than 100 ft-1b, less than 200 ft-1b, or greater than 100
it-1b.
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Applying the locking torque force to move locking ele-
ment 76 to the locked configuration may exert substantial
force on biasing element 78, first bearing 60, or second
bearing 68. This substantial force may result 1n excess
resistance to rotation by the first bearing 60 or second
bearing 68. It may be desirable to limit the force exerted on
first bearing 60 and second bearing 68 while allowing the
locking torque force to be applied to locking element 76.

Caster 30 may include a spacer or collar 80 that sets a
minimum distance between locking element 76 and shelf 54.
Collar 80 may have a cylindrical shape. Collar 80 may
include an opening to receive a portion of caster stem 38. A
first (e.g., lower) portion of collar 80 may engage a ledge 41
of caster stem 38 and locking element 76 engages a second
(e.g., upper) portion of collar 80 when the first bearing 60 1s
above the ledge 41. Collar 80 may be omitted when first
bearing 60 1s below the ledge 41. Locking element 76 may
engage ledge 41 when first bearing 60 1s below ledge 41.

Collar 80 may be manufactured from a rigid material
(e.g., steel, aluminum, 1ron, or hard plastic) such that the
collar 80 resists deformation as the locking torque force is
applied to locking element 76. Collar 80 may have a height
greater than a height of first bearing 60. A shorter collar may
help provide a caster system with a greater rotation resis-
tance compared to a taller collar. The height of collar 80 and
spring rate of biasing element 78 may be selected to provide
a desired rotation resistance. At least one of collar 80,
locking element 76, biasing element 78, and collar 80 may
be be detachably coupled to caster stem 38. At least one of
collar 80 and biasing element 78 may allow locking element
76 to be fully torqued without detrimentally effecting resis-
tance to rotation. Collar 80 may allow a locking torque of
about 10 ft-1bs to about 60 1t-1bs to be applied. Collar 80 may
allow a locking torque to be applied to locking element 76
such that rotating caster stem 38 relative to housing 34
requires a rotation force of about 1 ft-Ib to about 10 ft-1bs.
Locking element 76 may contact a portion of biasing ele-
ment 78 before locking element 76 contacts collar 80.
Locking element 76 may move biasing element 78 from a
relaxed configuration to a compressed conﬁguration

It will be appreciated by those skilled in the art that
changes could be made to the exemplary embodiments
shown and described above without departing from the
broad inventive concepts thereof. It 1s understood, therefore,
that this mnvention 1s not limited to the exemplary embodi-
ments shown and described, but it 1s intended to cover
modifications within the spirit and scope of the present
invention as defined by the claims. For example, specific
features of the exemplary embodiments may or may not be
part of the claimed invention and various features of the
disclosed embodiments may be combined. Unless specifi-
cally set forth herein, the terms “a”, “an” and “the” are not
limited to one element but instead should be read as meaning
“at least one”.

It 1s to be understood that at least some of the figures and
descriptions of the invention have been simplified to focus
on elements that are relevant for a clear understanding of the
invention, while eliminating, for purposes of clarity, other
clements that those of ordinary skill 1n the art will appreciate
may also comprise a portion of the mmvention. However,
because such elements are well known in the art, and
because they do not necessarily facilitate a better under-
standing of the invention, a description of such elements 1s
not provided herein.

Further, to the extent that the methods of the present
invention do not rely on the particular order of steps set forth
herein, the particular order of the steps should not be
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construed as limitation on the claims. Any claims directed to
the methods of the present invention should not be limited
to the performance of their steps 1n the order written, and one
skilled 1n the art can readily appreciate that the steps may be
varied and still remain within the spirit and scope of the
present mvention.

I claim:

1. A vehicle comprising:

a frame;

a drive wheel coupled to the frame;

a caster housing coupled to the frame, the caster housing
including an opening;

a caster including a caster wheel and a caster stem
extending through the opening in the caster housing,
the caster stem configured to rotate relative to the caster
housing;

a locking element coupled to the caster stem;

a first bearing coupled to the caster stem; and

a biasing element spaced apart from the caster housing
and coupled to the caster stem,

wherein the biasing element 1s configured to exert a force
on the first bearing to increase iriction in the first
bearing.

2. The vehicle of claim 1, wherein the biasing element 1s

positioned between the first bearing and the locking element.

3. The vehicle of claim 1, wherein the biasing element 1s
positioned between the first bearing and the caster housing.

4. The vehicle of claim 1, wherein the biasing element 1s
one of a plurality of biasing elements.

5. The vehicle of claim 1, wherein the biasing element
comprises one or more coned disc springs.

6. The vehicle of claim 5, wherein the one or more coned
disc springs includes a first coned disc spring and a second
coned disc spring,

wherein an outer portion of the first coned disc spring
engages an outer portion of the second coned disc
spring.

7. The vehicle of claiam 1, wherein the first bearing
includes a first race, a second race, and a bearing element
between the first race and the second race.

8. The vehicle of claim 7, wherein at least two of the first
race, the second race, and the bearing element rotate as the
caster stem rotates relative to the caster housing.

9. The vehicle of claim 8, wherein at least one of the first
race, the second race, and the bearing element are rotation-
ally fixed relative to the caster housing as the caster stem
rotates relative to the caster housing.

10. The vehicle of claim 1, wherein the first bearing
comprises a thrust bearing.

11. The vehicle of claim 1, wherein the first bearing is
axially moveable relative to the caster stem.

12. The vehicle of claim 1, wherein the caster housing
defines a chamber and wherein the locking element and the
biasing element are within the chamber.

13. The vehicle of claim 12, wherein the first bearing 1s
within the chamber.

14. The vehicle of claim 12, wherein the caster stem
extends through the opening into the chamber.

15. The vehicle of claim 1, further comprising:

a second bearing coupled to the caster stem.

16. The vehicle of claim 15, wherein the caster housing
includes a recess to receive at least a portion of the second
bearing, and

wherein activation of the locking element moves the
second bearing mto contact with a partition wall defin-
ing a portion of the recess.
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17. The vehicle of claim 16, wherein activation of the
locking element moves the second bearing into contact with
the partition wall and applies a force to the second bearing
to 1hibit rotation of the second bearing.

18. The vehicle of claim 15, wherein the first bearing 1s
positioned on a first side of the opening in the caster housing
and the second bearing 1s positioned on a second side of the
opening in the caster housing opposite the first side.

19. The vehicle of claim 135, wherein the second bearing
comprises a tapered roller bearing.

20. The vehicle of claim 1, wherein the locking element
prevents movement of the caster stem along a longitudinal
axis of the caster stem while allowing rotation of the caster
stem about the longitudinal axis.

21. The vehicle of claim 1, wherein the locking element
threadedly engages the caster stem.

22. The vehicle of claim 1, wherein the locking element
1s at least temporarily rotationally fixed relative to the caster
stem.

23. The vehicle of claim 1, wherein the locking element
1s transitionable from an unlocked condition to a locked
condition, wherein the locking element 1s rotatable relative
to the caster stem 1n the unlocked condition and is rotation-
ally fixed relative to the caster stem 1n the locked condition.

24. The vehicle of claim 23, wherein the locking element
1s transitioned from the unlocked condition to the locked
condition by applyving a torque force of about 10 foot pounds
to about 60 foot pounds.

25. The vehicle of claim 1, further comprising;

a motor coupled to the drive wheel, the motor configured

to rotate the drive wheel.

26. The vehicle of claim 1, further comprising:

a bushing coupled to the caster stem, the bushing extend-
ing at least partially into the opening.

277. The vehicle of claim 1, wherein the vehicle comprises

a wheelcharr.

28. The vehicle of claim 1, wherein the first bearing
comprises at least one of a radially disposed bearing element
and an angularly disposed bearing element.

29. A vehicle comprising:

a frame;

a drive wheel coupled to the frame;

a caster housing coupled to the frame, the caster housing

including an opening;

a caster including a caster wheel and a caster stem
extending through the opening in the caster housing,
the caster stem configured to rotate relative to the caster
housing;

a locking element coupled to the caster stem:;

a first bearing coupled to the caster stem:;

a biasing element coupled to the caster stem; and

a second bearing coupled to the caster stem,

wherein the biasing element 1s configured to exert a force
on the first bearing,

wherein the caster housing includes a recess to receive at
least a portion of the second bearing, and

wherein activation of the locking element moves the
second bearing into contact with a partition wall defin-
ing a portion of the recess.

30. The vehicle of claim 29, wherein activation of the
locking element moves the second bearing into contact with
the partition wall and applies a force to the second bearing
to mhibit rotation of the second bearing.

31. The vehicle of claim 29, wherein the first bearing 1s
positioned on a first side of the opening in the caster housing
and the second bearing 1s positioned on a second side of the
opening 1n the caster housing opposite the first side.
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32. The vehicle of claim 29, wherein the second bearing
comprises a tapered roller bearing.
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